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1 - A method of matching a rate of data bits, in a matrix of dam bits interleaved by a 
pied^rmined interleaving process, to a desired rate by deletion of redundant data bits or 
repetition of data bits derived from the matrix, including the steps of: 

determining in a non-interleaved matrix of said data bits a pattern of bits to be 
deleted or repeated to provide said dedred data rata; 

decoding an address of each bit in said pattern in a manner inverse to the 
interleaving process to produce a respective address of the bit in the matrix of interleaved 
data bits; and 

deleting or repeating the respecti ve bit In the interleaved data bits in dependence 
upon the respective address. 

2, A method as claimed m claim 1 wherein the address decoding is performed in the 
same manner as a coding of addresses for producing the interleaved data bits from the 
non-interleaved matrix of said data bits. 

3 , A method as claimed in claim 1 or 2 wherein the pattern of bits to be deleted or 
repeated is dependent upon the number of bits to be deleted or repeated and a column 
index of the matrix. 

4, A method as claimed in claim 1, 2, or 3 wherein the interleaving process 
comprises permuting rows and columns of a matrix of N r rows and N c columns, in which 
data bits to be interleaved are represented row by row, in accordance with: 

Row Permutation W = [o^k 4- f c Q)JmodN r 

Column Permutation l c Q) =r [o^J -f f r (k)]modN c 
where 1,/Jk) represents a data bit with a row index fc, k is an integer from 1 to N n ov is an 
integer, ^(1) is a non-zero function of a column index 1, lis an integer from 1 to N c , yj) 
represents a data bit with the column index I is an integer, f f (k) iszeroora function of 
the row index k, and modN r and modN c represent moduIo-N f and modulo~N c arithmetic 
respectively, interleaved data bits being derived from the matrix column by column. 

5 < A method as claimed in claim 4 wherein f c Q) = ml + [N r + l]mod2 t where mis an 
integer. 

6. A method as claimed in claim 5 wherein m is approximately equal to N f / N c . 

1 . A method as claimed in claim 4, 5 or 6 wherein f f (k) = 2k + [N c + 1] mod2. 

8 . A method as claimed in any of claims 4 to 7 wherein a, is the largest prime 
number less than N f / log 2 (log 2 (N r )). 
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9. 1^ matching 
claims 1 toS, 

10, A method of interleaving data bits comprising pennnting rows and columns of a 
matrix of N r rows and N c columns, in which data bits to be interleaved ate represented 
row by row, in accordance with: 

Row Permutation ^(k) a [o^k + f^l)]sow#lN r 

Column Pmnutatioii I c (l) a [o^l + f^)]modN 0 
where I r (k) represents a date, bit with a row index k* k is an integer from 1 to N p c^ is an 
integer, 4(1) « ml + |N r + l]mod2 is anon-zero function of a column index 1, 1 is an 
integer fitom 1 to N c , rn is an integer, JJi) represents a data bit with the column index I, 
is an integer, ^(k) « 2k + [N c + l]mod2, and mod2, modN r and modN c represent 
modulo-2, modulo~N r , and modalo-N c arithmetic respectively, interleaved data bits being 
derived from the matrix column by column. 

IL A method as claimed in claim 10 wherein m k approximately equal to N r / N c . 

12. A method as claimed in any of claim 10 or 11 wherein OV is me largest prime 
number less than N r / log2(log 2 (N r )). 

13. A data interleaver arranged for carrying out the method of claim 10, 11, or 12. 

14. A method of interleaving and rate niatdbing parallel concatenated convolutional 
coded data by deletion of coded data bits, the coded data bits comprising systematic bits 
and parity bits, including the steps of interleaving the systematic bits separately from the 
parity bits, and deleting parity bits from the interleaved parity bits to provide the rate 
matching, 

15. A method of mierieavrag and rate matching parallel concatenated convolutional 
coded data by repetition of coded data bits, the coded data bits comprising systematic bits 
and parity bits, including the stops of interleaving the systematic bits separately from the 
parity bits, and repealing parity nits of the interleaved parity bits with a greater repetition 
factor than any repetition of systematic bits of the interleaved systematic bits, to provide 
the rate matching. 

1 6. Coding, interleaving, and rate matching apparatus arranged to carry out the method 
of claim 14 or 15. 

17. A method or apparatus generally, substantially, or essentially as described herein 
with reference to any one or more of Figs. 3 to 5 of the accompanying drawings. 

3 . Detailed Description of hveotico 
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This invention relates to rate matching and channel interleaving for a 
commumeations system, 
gadfcground of the Invention 

It is well known to perform interleaving of data in a comrrannicatioas system using 
forward error correction {FEQ in order, on deinterleavmg, to distribute errors to facilitate 
their correction, Typically, such interleaving uses a block interieaver to interleave blocks 
of data* So-called turbo coding (parallel concatenated convorodonal coding) uses an 
interieaver between inputs to two convolutions! coders which produce respective parity 
bits from the input data befoie and after interleaving. With increasing attention being 
given to the use of turbo coding, particularly in wireless corriraunications systems, 
attention has also been given to the form of the interieaver. 

So-called 3rd generation CDMA (code division multiple access) wireless 
coirmiunicatiorjs systems are also being developed which require a channel or mte-frame 
interieaver which operates to interleave or permute data in blocks cotresponding to the 
radio frame duration, typically 10 ms. In such systems the channel interieaver either 
precedes or follows a rate matching function which serves to match various data rates to 
the radio frame rate, and which typically involves puncturing (omission) or repetition of 
data symbols, in this case data bits. It is desirable to distribute the omitted or repeated bits 
as evenly as possible, with as great a distance as possible between punctured or repeated 
bits in the de-interleave d frames, in a manner mat is easy to implement and that is 
relatively independent of variables such as the frame size, number of frames, and 
puncturing rate. 

Canadian patent application No. (File 10378RO) filed March 19, 1999 in the 
names of Wen Tong et a!., entitled "Data Interieaver And Method Of Interleaving Data", 
describes and claims a method of interleaving data and a data interieaver which 
advantageously can be used to provide the channel interleaving referred to above. The 
present invention is concerned with rate rjaatcfung in a manner which can be used with 
particular advantage for data after such channel interleaving, but which is also applicable 
to other forms of interleaved data. This invention also provides improvements in and 
further applications of such channel interleaving. 
Summary of the Invention 

According to one aspect, this invention provides a method of matching a rate of 
data bits, in a matrix of data bits interleaved by a predetermined interleaving process, to a 
desired rate by deletion of redundant data bits or repetition of dam bits derived from the 
matrix, including the steps of: detenriining in a non-interleaved matrix of said data bits a 
pattern of bits to be deleted or repeated to provide said desired data rate; decoding an 
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address of each Mt in said pattern in a manner inverse to the tote^Ieaviiig ^ocess to 
produce a respective address of the bit m me matrix of iaterieaved data bits t and deleting or 
repeating the respective bit m the interleaved data bits in dependence upon the respective 
address. 

ft is particularly advantageous, and may be necessary in practice, fee the address 
decoding to be performed hi the same manner as a coding of addresses for producing the 
interleaved data bits from the non-interleaved matrix of said data bits. This is facilftated in 
preferred embodiments of the method of the invention by the intoleavmg process 
comprising permuting rows and columns of a matrix of N r rows and N c columns* in 
which data bits to be interleaved are represented row by row, in accordance with: 
Row Permutation 1J& = [a^k + f c (l)]mod^ 
Column Permutation IJX) « [ojl 4- ffit) ]modN c 
where Ij<k) represents a data bit with a row index k, k is an integer from 1 toN r , o^isan 
integer, f c (l) is a non-zero function of a column index 1, 1 is an integer from 1 to N c , 1^1) 
represents a data bit with the column index 1,0c is an integer, r^k) is zero or a function of 
the row index k, and modN r and modN c represent modulo-H* and modulo-N c arithmetic 
respectively, interleaved data bits being derived from the matrix column by column. 

It is currently considered optimum to choose f c (l) «ml+[N r -i- l]mod2, where m 
is an integer, m approximately equal to N r / N c , f^k) = 2k + [N c + l)mod2, and ov as the 
largest prime number less than r^ f iog 2 (log 2 (N r )). 

The invention also piovides rate matching apparatus arranged for carrying out a 
method as recited above. 

Another aspect of this invention provides a method of interleaving data bits 
comprising permuting rows and columns of a matrix of N r rows and N c columns, in 
which data bits to be interleaved are represented row by row, in accordance with: 
Row Permutation l^k) = [o^k + f c (l)JmodN r 
Colurrin Permutation 1^(1) » [c^l + ^(k)Jmc4N c 
where represents a data bit with a row index k, k is an integer from 1 to N r , ex. is an 
integer, f c (l) = ml + [N r + 1 Jmod2 is a non-zero function of a column index 1, 1 is an 
integer from I to N c , m is an integer, ^(1) represents a data bit with the column index 1, 
is an integer, f r (k) m 2k + [N c + 1 ]mod2, and mod2, modONf r and modN c represent 
modulo-2, moduJo-N r , and modulo-N c arithmetic respectively, interleaved data bits being 
derived from the matrix column by column. 

The invention also provides a data interieaver arranged for carrying out this 
method. 

Another aspect of the invention provides a method of interleaving and rate 
matching parallel concatenated convolution^ coded data by deletion of cooed data bits, the 
coded data bits comprising systematic bits and parity bits, including the steps of 
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Interleaving the systematic bits separately from the parity bits, and deleting parity bits from 
the interleaved parity bits to provide the rate matching. 

A farther aspect of the invention provides a method of interleaving and rate 
matching parallel concatenated convolutional coded data by repetition of coded data bits, 
tfc coded data bits cxjiimrisiiig systematic bits and parity bits, including the steps of 
interleaving the systematic bits separately from the parity bits, and repeating parity bits of 
the interleaved parity bits with a greater repetition factor than any repetition of systematic 
bits of the interleaved systematic bits, to provide the rate matching. 

The invention farther provides coding, intetieaving, and rate matching apparatus 
arranged to carry out these methods. 

Yet another aspect of this invention relates to a method of shuffling interleaved and 
rate matched data streams in the manner described below w^^ ^ 
drawings, and to the recursive application of this method to more than two such data 
streams. 

Further aspects of the invention relate to a method or apparatus generally, 
s ubstantxaUy , or essentially as described below with reference to any one or more of 
Figs. 3 to 5 of the drawings. . 

Peeled Pescr^joa 

Referring to Fig. 1, there is iUustrated a known arrangement for service 
multiplexing and channel interleaving in a 3rd generation CDMA radio commnmcatioiis 
system. The arrangement includes a service multiplexer 10 which serves to multiplex 
together a plurality of data signal streams, ntferred to as main stream services or QoS 
(Quality of Service) channels, which are supplied via respective service blocks 12 only 
one of which is illustrated. Each service block 12 is supplied at inputs 14 with a plurality 
of constituent input signals, which may for example comprise any of various types of 
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signals such as voice, data, and miriti-media signals. These input signals may have 
arf&trary transmission rales, torn© skes, and other parameters. The input signals have 
CRC (cyclic ledimdancy check) codes added in Mocks 16 and are multiplexed together in 
a transport channel multiplexer 18. The multiplexed signals are segmented, for encoding, 
in a segmentation block 20, and the segmented signals are subjected to FEC (forward 
erjrorcorrecdc^)coditig in FE€blocks22, The encoded signals are multiplexed ina 
multiplexer 24. 

The multiplexed signals are subjected to rate matching (puncturing (deletion) of 
iiedundantdata symbols (bits) or repetition of data symbols (bite)) m ablock 26 to match 
the data rate to the radio communkations rate (air rate) with radio frames of 1 0 ms 
duration. Primarily in order to separate adjacent bits to reduce the adverse effects of errors 
due to fading in the radio channel, the data bits are interleaved in a first intcrleaver 28, 
which is referred to as a channel or inter-frame intcrleaver because it operates to permute 
blocks each of 10 ms of data bits. Although hi Fig. 1 the interleaver 28 is shown 
following the rate matching block 26, as discussed further below the positions of these 
functions may be interchanged, the multiplexed signals fiom the multiplexer 24 being 
supplied to the channel interleaver 28, and the interleaved signals from the fotericavcr 
being supplied to the rate matching block 26. For example, these functions may be in the 
order shown in Fig. 1 for downlink transmission of signals from a central station, and 
may be in the reversed order for uplink transmission of signals to the central station. 

Following the functions 26 and 28, the resulting rate matched and interleaved 
signals are segmented for radio frames and physical channels in segmentation blocks 30 
and 32 respectively to produce the signals for multiplexing by the multiplexer 10. Signals 
output by the multiplexer 10 are interleaved by a second interleaver 34 the outputs of 
which are segmented and mapped to dedicated physical channels in a segmentation and 
mapping block 36 for communications via a CDMA radio communications path in known 
manner,, 

As described in the patent application by Wen Tong et ai referred to above, the 
first interleaver 28 can have a r^erforrnance that is sufficiently good to enable the second 
interleaver 34 to be omitted or reduced to a simple shuffling operation, for example as 
described below. This is desirable in particular because otherwise the second interleaver 
34 has the potential to degrade the interleaving performed by each first interleaver 28, 
whereas each first interleaver 28 can be optimized for its particular rate matched data 
stream and QoS. 

Accordingly, the first interleaves 28 is implemented as an algebraic interleaver 
providing a good random spreading property. The multiple encoded bit blocks or data 
transport frames for each QoS channel are mapped into a 2-rlimensional matrix and are 
subjected to linear congruential rules to permute the rows and columns of the matrix to 
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implement the interleaving function. A maximum interleaving depth and time span can be 
detexmincd *V searching a set of best parameters. The interleaver consequently has a 
relatively simple form without disadvantages of known interleaves, such as requiring 
large memory sizes for lookup tables or inadequately accommodating the rate matching 
function. 

Although the following description refers to rows and columns of a matrix, it 
should be understood that this is for convenience and clarity, thai the rows and columns 
can be interchanged without changing the function of the interleaver, and that in practice 
and as described below the interleaver can operate by equivalent control of read or write 
addressing of memory locations of a linear memory in which data bits are stored, without 
any actual movement of the stored bits among the memory locations. 

The interleaver 26 as described in the patent application referred to above operates 
to implement the following three steps: 

1 . Represent a number N c of encoded blocks of data bits each of length 1^. data bits 
as a matrix of N r rows and N c columns. 

2. Permute the rows and columns of the matrix in accordance with: 

Row Permutation W = [o.k + f c (l)] mo dN r 

Column Permutation 1^.(1) = [o^l + f r (k)JmodN c 
where W represents a data bit with a row index k, k is an integer from I to a,, is a 
row permutation parameter and is an integer, f c (l) is a positive function of a column index 
L 1 is an integer from 1 to N e 1^.(1) represents a data bit with the column hide* 1, is a 
column permutation parameter and is an integer, f^k) is a positive function of the row 
index k, and modN r and modN c represent modulo-N r and modulo-N c arithmetic 
respectively. 

3. Derive interleaved data bits from the matrix column by column. 

Step 1 can be slighdy modified to accommodate different numbers of data 
transport frames with a given number of columns of the matrix. For example the matrix 
can have N c = 8 columns for N e / y data transport frames where y = 1,2, 4, or 8, the 
matrix having N r /yrows accordingly, with a consequent modification of step 3 to read 
out Ycolumns of the matrix per radio frame accordingly. For simplicity in the description 
below, it is assumed that y= 1 with N c = 8. 

For step 2, the row permutation parameter a, is chosen to be the largest prime 
number less than LN r / log 2 Gog 2 (N r ))J, the column permutation parameter is chosen to 
be the largest prime number less than Ln c 1 the function f c (l) = ml + [N r + i Jmod2j whcre 
m is an integer equal to rN r /N c ], and the function t&) = 2k + [N c + l]mod2. The 
symbols L J refer to rounding down to an integer, and the symbols T 1 refer to rounding 
up to an integer. It can be appreciated that [N r + l]mod2 is zero when N r is odd and is 
one when N r is even, and that (N c+ l}mod2 is zero when N c is odd and is one when N c 
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is even, so that these parts of the functions 4(1) and WO arc simply the addition of one 
when the respective number N r or N c is even. 

As indicated above, the rate matching punctures (delete) redundant data bits 
(which are present as a result of the EEC encoding blocks 22 in the event that the data 
transport frame size is larger than the radio frame size, a maximum puncturing ratio being 
20% of the transport frame size. Conversely, if the data transport frame size is smaller 
than the radio frame size r bits of the transport frame arc repeated to achieve the rate 
matching. The rate matching is desired as far as possible to maxima 
distances between the purictured bits and to equalize the number of punctured bits hi each 
radio frame, ie. to distribute the punctured bits uniformly among the radio frames with 
maximum separation. 

m the case where the rate matchm 
shown in Fig. 1 , a known rate matching method as shown in Fig. 2 can be used 

Inferring to Fig. 2, for each radio frame of segmentation size N £ bits, in a block 
40 an integer y is determined as y « N r - y being greater than zero (positive) in the 
event that puncturing is required, being less than zero (negative) in the event that repetition 
of i y I bits is required, and being zero if no puncturing or repetition is required, a stop 
block 41 being reached in the latter event. As the steps shown in Fig. 2 are substantially 
the same for bit repetition (y < 0, shown at the right in Fig. 2) as for puncturing (y > 0, 
shown at the left in Kg. 2, except for the use of I y land repetition instead of y and 
puncturing, only the case of puncturing is described in detail below. 

If y > 0, picturing of y of the N r bits of the transport frame is required to 
produce the bits of the radio frame. In this case in a block 42 a parameter e Is 
initialized to a starting offset which is determined in any desired manner for the 
particular radio frame, and a row counter r is initialized to 1. In a block 43, it is 
determined whether r < N r and, if so, in a block 44 the value of e is reduced by 2y . In a 
subsequent decision block 45 it is determined whether e<0, and if so the bit in the row r 
is punctured at a block 46, the value of e is increased by 2N r in a block 47, the row 
counter r is increased by 1 in a block 48, and a return is made to the decision block 43. A 
negative decision at the block 45 (Le. e > 0) results in a return to the block 43 via the 
block 48 to increment the row counter r without any puncturing or change in the value of 
e. A negative decision at the block 43 (i.e. r > N r ) indicate mat the end of the frame has 
been reached, and accordingly the sequence ends at the stop block 41. 

However, in the case where the rate matching block 26 follows the channel 
interleaver 2S, the rate matching is carried out on the permuted (interleaved) bit stream and 
the problem of rate matching is considerably more complicated. Generally, the 
requirements of the channel interleaving and rate matching processes are not consistent. 
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More particularly , the design of an appropriate, and desirably optimized, rate 
matching pattern of punctured or repeated bits within the mate of bits after the channel 
interleaving process represents a very complex or impractical task, lids invention avoids 
this problem by providing an appropriate, and desirably optimized, rate matching pattern 
of pia>ctured or repeated bits for the matrix before interleaving, and to use a de- 
interleaving or decoding process to determine corresponding bits to be punctured or 
repeated at the output of the channel iuterieaver. This process is facOitaled by thefactthat 
the cfc-interleaving, or decoding, process can be implemented by exactly the same 
structure as the interleaving process, as further described below. For convenience and 
clarity, the following description refers to the matrix of bits before interleaving (or after 
oVinterleaving) as the narural matrix NK arid to the 
randomized matrix RM. 

Fig. 3 fflustrafes an implementation of a channel interleaver 28 and rate matching 
block 26 in accordance with an embodiment of this invention. As illustrated in Fig. 3, the 
interleaver 26 includes a working memory 50 with two halves, alternately used in known 
manner for writing into and reading from the memory, each for storing the N,N C data bits 
represented in the matrix as described above, these data bits being written into the memory 
linearly corresponding to the row-by-row organization of the matrix. A modulo-N r row 
counter 51 is responsive to a clock signal CLK to provide, a count representing the row 
index k, and a cany output of this counter 51 is supplied toamoduio-N c column counter 
52 to provKJe a count representing the column index L The counts k and 1 of the counters 
51 and 52 are supplied to an address encoder 53 shown within a dashed line box in Fig. 
3. More specifically, the count of the column counter 53 is supplied to multipliers 54 and 
55 which are also supplied with the parameters tx- and m respectively to produce products 
representing Chandra! respectively, and the count of the row counter 51 is supplied to 
multipliers 56 and 57 which are also supplied with the integer 2 and the parameter ov 
respectively to produce products representing 2k and o^k respectively. An adder 58 adds 
the outputs of the multipliers 54 and 56 and selectively adds 1 or 0 depending upon 
whether N c is even or odd respectively, and the output of the adder 58 is reduced to 
modulo~N c form by a modulo function 59 to complete the column permutation function 
described above. An adder 60 adds the outputs of the multipliers 55 and 57 and 
selectively adds 1 or 0 depending upon whether N r is even or odd respectively, and the 
output of the adder 60 is reduced to modulo-N r form by a modulo function 61 to complete 
the row permutation function described above. Each of the modulo functions 59 and 61 
can comprise comparison and subtraction functions. Outputs of the functions 59 and 61 
are combined in a read address combiner 62 to produce an address for reading the 
respective data bit in its interleaved sequence from the memory 50. As illustrated in Fig. 
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3, the read address is supplied to to memory 50 via a switch 63 which is provided as 
described below. 

If the niuaaber of rows N r is a power of two, then me address combiner 62 can 
simply combine the output of the modulo fimction 61 as the least significant bits, and the 
output of the modulo function 59 as the most significant bits, of the read address for the 
memory 50; equivalently the output of the function 61 is added by the address combiner 
62 to N r tunes the output of the function 59. 

It may be desired to interfeave data bits in arbitrary-sted ftames dial are not an 
integer multiple of &* tibis case, the number of rows of the matrix is selected to 
accomnKKiate all of the data bits to be interleaved, and the last few (less than N c ) inemory 
locations in the working memory 50 ate not written into. In order to omit the data bits of 
these memory locations from the interleaved data bits, the interieaver 28 of Fig. 3 also 
includes a decoder 64 which detects these memory locations in the read address output of 
the address combiner 62, and upon such detection opens the switch 63 to prevent leading 
of data from the memory 50 in respect of these locations. In order to provide a constant 
data output rate of the interleaved data bits from the memory 50, the interieaver 28 of Fig. 
3 further includes a FIFO (firstin, first-out) memory 65, clocked by the clock signal 
CLK, via which the interleaved data bits are supplied to an output line 66 of the 
interieaver, the FIFO 65 being pre-filled at the start of each interleaving operation and 
having a size (e.g. up to Ne) sufficient to allow for the non-read, and hence omitted, 
memory locations. 

The interleaved data bits on the line 66 aie supplied to the rate matching block or 
function 26 also illustrated in Fig. 3. This rate matching function comprises a rate 
matching address generator 70 which is also supplied with the clock signal CLK, an 
address separator 71, an address decoder 72, a buffer or store 73, comparators 74, and a 
data bit selector 75 providing a rate matched data output on a line 76. Similarly to the 
provision of the FIFO 65 for providing a constant data bit rate output of the interieaver 28, 
the rate matching function 26 may also include a FIFO or other buffer (not shown) for 
providing a constant rate of data bits from the output line 76. 

The rate matching address generator 70 generates at its output, as described further 
below, the address in the natural matrix NM of each punctured or repeated hit in 
accordance with the puncturing or repetition pattern which is determined for this process. 
This address is separated into most significant and least significant components by the 
address separator 71, whose operation is inverse to that of the read address combiner 62 
described above. Thus if the number of rows N r is a power of two, then the address 
separator 71 can simply separate the address bits output by the generator 70 into most 
significant bits and least significant bits; cquivalently the address from the generator 70 is 
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divided byN r to produce an integer quotient and a remainder whkh constitute the two 
outputs of the address separaror7L 

The address decoder 72 poibrms the inverse inaction of the address encoder S3 . 
As indicated above, with the algebraic interleaving process described herein the structure 
of the de^nterleaver can be exactly the same as the structure of the mterleaver, and 
correspondingly the address decoder 72 is exactly the same as the address encoder 53. 
Accordingly, the detailed structure of the address decoder 72 is not illustrated in Fig* 3, it 
being identical to the structure of the address encoder 53 as shown in Fig. 3. It can be 
appiec^ed that this same^tructure characteristic of the comploiientary operations for 
interleaving and de-infierlea ving provides a substantial advantage and salification in 
implementing these functions. 

Ine outputs of the address decoder 72 are buffered in the store 73, and the 
buffered outputs from the store are compared in the comparators 74 with the current 
counts k and 1 of the row counter 5 1 and column counter 52 respectively of the channel 
interteaver 28, to provide a selector control signal on a line 77 with a predetermined state 
when the compared values are the same. The selector control signal is thus produced on 
the line 77 with this state at each time mat a bit on the line 66 is to be punetured or 
repeated* At other times, for bits which are not punctured or repeared, 
on the line 77 controls the selector 75 to supply to its output line 76, synchronously as 
dftterrnincd by the clock signal OLK, a bit from the line 66 suppUed to a middle one (as 
shown in Fig- 3) of three inputs of the selector 75. At the time of each bit to be repeated 
or punctured* the control signal on the line 77 instead controls the selector 75 to supply to 
its output line a bit from either its upper input or its lower input (as shown in Fig. 3), 
depending upon whether bits are to be repeated or punctured respectively, as detenmned 
by a further control input F/R to the selector 75. The upper input of the selector 75 is 
connected to the output line 76 to provide for bit repetition, and the lower input of the 
selector 75 is illustrated as having no connection to provide for bit puncturing. As 
indicated above, a constant output data bit rate for the interleaved and rate matched data 
bits is provided by a buffer (not shown) to which data bits on the output line 76 are 
supplied. 

Because of the address decoding provided by the decoder 72 in the rate matching 
function 26, the rate matching address generator 70 can simply determine the desired 
pattern of punctured or repeated bits in terms of the normal matrix addresses in the manner 
described above with reference to Fig. 2, using the single parameter e os determined in a 
desired manner to optimize this pattern. For example, this parameter could be determined 
by an equation such ase 0s = [2py + 1 jinoG^Np where as described above y is the number 
of bits to be punctured or repeated for each column of the matrix, and p is a column index 
from 0 to 7 (for the case of N e = 8). 
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This example, with mterieaving as described above of 8 data transport frames each 
of 1 0 bits, and requiring a maximum poactwring ratio of 20% to produce channel 
interleaved and rate matched radio frames each of 8 bits ( a total of 16 out of 80 bits being 
ptmcttaredor&sl^ jl^ 
N g » 8 and N r s 1 0. Table 1 illustrates entry of the 80 data bits, numbered 0 to 79, row 
byrowina 10 by 8 natural in&trk with ^ 10 and the column 

index 1 from 1 to 8: 
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Table 1 



The channel interleaving as described abcrve rarodiic^^ 
shown by the following Table 2: 
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The rate matching as described above then punctures 16 bits, 2 from each column 
of the randomized matrix, in a pattern produced by the rate matching algorithm to give a 
punctured rmdomized matrix as shown by the following Table 3: 
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Table 3 



The channel interleaved and rate matched data bits are derived column by column 
from Table 3, i.e\. with the order [ 57, 35, 51, 7, 67, 40, 26, 4 ]. The punctured 
bits are 2, % 11, 16, 25, 29, 31, 32, 34, 38, 47, 54, 61, 64, 68, and 75, for which the 
maximum puncture distance is 9 C25 ~ 16) and the 

(32 - 31); mis small nmiirrium puncture distance indicates that this particular example is 
not optimuna, a larger rruru^ It can be appreciated 

that numerous other determinations of the parameters, and in particular of the parameter 
e^, can be provided to optimize the puncturing process. 

As indicated above, it is desirable for operation of the second interleaver 34 not to 
degrade the performance achieved as a result of the first interleaver 28, and to this end it is 
advantageous for the second interleaver 34 to be reduced to a simple shuffling operation, 
which interleaves data streams with different QoS while retaining the spreading properties 
achieved by the first interleaver 28 for each QoS data stream. 

Fig. 4 shows a flow chart of a bit shuffling algorithm which can be used 
advantageously to interleave bits of two data streams of interleaved radio frames provided, 
as described above from respective service blocks 12 provided via the service multiplexer 
10 in Kg. i. Denoting one stream TQj having frames of Nj bits and a second stream TCh 
having frames of N 2 bits, with N x > N 2 , Fig. 4 illustrates how bits of the stream TQ2 arc 
inserted into the stream TQj. 

Referring to Fig, 4, initially in a block 82 a parameter e is initialised to N 3 and a 
counter r is initialized to 1, In a block 83, it is determined whether r < N x and, if so, in a 
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MockS4ttevaI\^ofeismiiU€e(ibf 2N 2 . In a subsequent decision block 85 it is 
determined whether e S 0„ and if so at a block 86 the Beast bit in the steam TQ2 is incited 
into the stream TQy the value of e is increased by 2Nj in a block 87, the counter r is 
incieasedby 1 in a block 88, and a return is made to the decision block 83. Anegaiive 
decision at the block 85 (ix. e > 0) results m aretura to the block 83 via the block 88 to 
moment theeounter r mttK^ any bit inserUon or chaise ktlKsvaliie of e. A negative 
decision at the block 83 (Le. r > Nj) indicates that the end of the frame has been reached, 
and accordingly the sequence ends at a stop MockSl. 

For more than two data streams, the same process is applied recursively for the 
siKwssive data steams, It can be appreciated from the abc^e description and 
illustration in Kg. 4 that the steps of this process have a direct correlation with the steps of 
the puncturing and repetition processes of Fig. 2, so that implementation of this recursive 
shuffling process can be particularly convenient. 

As indicated above, the puncturing of bits to achieve the desired rate matching is 
applied to data bits which have redundancy due to the FEC encoding provided by the 
encoders 22. One preferred form of encoding is so-called turbo (parallel concatenated 
convolution^) coding, in which the encoded data bits comprise the input data bits 
themselves, referred to as systematic data bits S, and parity bits PI and F2 provided by 
convolutional coders or>erating on the input data bits and on interleaved input data bits. 
The parity bits PI and P2 are typically punctured within the turbo coder to provide a 
desired rate turbo coder. For encoders 22 constituted by turbo coders, it is necessary to 
ensure that me subsequent rate matching function 26 does not puncture any of the 
systematic bits S, but only the parity bits PI and/or P2. In the case of repetition, it has 
been deterrnined that repetition of the parity bits PI and P2 by a factor of the order of 2 or 
3 times the repetition of the systematic bits S provides a performance gain. 

To these ends, Fig. 5 illustrates a modification of part of the arrangement of Fig. 1 
for channel interleaving and rate matching of data encoded by turbo coding. Referring to 
Fig. 5, a turbo coder constituting one of the FEC encoders 22 is shown within a dashed 
line box 90 and* as is well known, comprises a turbo code intericaver 91 which 
interleaves input data bits, and two convolutional coders 92 which operate on me input 
data bits before and after interleaving to produce parity bits PI and P2, the input data bits 
also being supplied to the coder outputs as systematic bits S. A puncturing block, not 
shown, may also be present to select only some of the parity bits PI and P2 for supply to 
the coder outputs. 

Instead of a single channel interleaver as described above, Fig. 5 illustrates that 
individual channel interleavcrs 93 are provided for the systematic bit stream and the parity 
bit stream. As shown in Fig. 5, mere are three channel irtterleavers 93, but it can be 
appreciated that the streams of parity bits PI and P2 can be combined and interleaved 
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together, so that only two channel intedfeavers are raided, one for the systematic bit 
stream and the omer for the pai% bit stream, Further haputs to the channel mterleavers93 
in Fig. 5 indicate the multiplexing of systematic and parity bit streams, respectively, for 
multiple channels, corresponding to the multiplexer 24 in Fig. 1. 

The rale matching taction, which fdUows the channel mterieavers 94, is shown 
widiinadashe4Mnebox94. A puncturing function 95 h applied only to the channel- 
interleaved parity bit streams, whereas a repetition function 96 can be provided to the 
parity and systematic bit streams, a selector 97 being illustrated to couple the channel- 
interleaved bits accordingly. The picturing and repetition can be as described above. It 
can be appreciated that the iHustration in Rg. 5 in this xespect is intended doapammatically 
to represent the principle that pinxturing is not applied to the systematic bits, rather than 
showing an actual implementation of the rate matching function, It can be appreciated, for 
example, mat puncturing or repetition, as required, could be applied only to the parity bit 
streams to provide the desired rate matching, without any puncturing or repetition of the 
systematic bit stream* 

Although the above description refers to separate functions and units for the 
various processes described herein, it can be appreciated that these can in many cases be 
implemented using functions of one or more digital signal processors or other integrated 
circuits. 

Although particular embodiments and examples of the invention have been 
described above, it can be appreciated mat numerous modmcanxra^ variations, and 
adaptations may be made without departing from the scope of the mvention as defined in 
the claims* 

4. Br icf Description flf Dr awifigs 

The invention will be former understood from the following description with 
reference to the acxx>mpanying drawings, in which: 

Fig, 1 illustrates a known arrangement for service multiplexing and channel 
interleaving in a 3rd generation CDMA oornmunications system; 

Fig. 2 is a flow chart relating to a known rate matching algorithm; 

Hg. 3 illustrates an implementation of an interleaver and a rare matching 
arrangement in accordance with an embodiment of this invention; 

Fig. 4, which is on the same sheet as Fig. 2, is a flow chart relating to shuffling 
for a second stage of interleaving in the arrangement of Fig. 1 ; and 

Fig* 5 illustrates a modification of part of the arrangement of Fig. 1 for channel 
interleaving and rate matching of data encoded by turbo (parallel concatenated 
convolutional) coding. 
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A method of and apparatus fc* matching a rate of data bits, in a matrix of data bits 
interleaved by a p««<fctemkied interleaving process, to a feted rate by deletion of redundant 
dam bits or repetition of data bits derived from the matrix, includes steps of determining in a 
noa -interleaved matrix of the datable apattern of bite to be deleted or repeated to provide the 
desired data rate, decoding an address of each bit in said pattern in a manner inverse to the 
interieaving process to prodnce a respecti ve address of the bit in the matrix of mterieaved data 
bits, and deleting or repeating the respective bit in the interleaved dam bits in dependence upon 
die respective address* The address decoding is performed in the sari^ manner as a coding of 
addresses for prodnckg the interleaved data bits from the non-interleaved matrix of the data 
bits, The specification also discloses an advantageous interleaving process for channel 
mtcrieaving in a 3rd generation CDMA wireless communications system* a snuffing method 
for a second stage of interleaving in such a system, and how the rate maijching can be 
conveniently applied to turbo-coded data coded. 

Fir 3 
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